DISCUSSION ON THE NEUROLOGICAL COMPLICATIONS OF PREGNANCY
Dr. W. Ritchie Russell: The nervous complications of pregnancy occur infrequently, and it may be helpful in the first place to indicate briefly those diseases which may be considered in a discussion such as this.
Cerebral complications include the vascular accidents: Cerebral thrombosis, embolism, and haemorrhage. Various forms of encephalitis which occur include chorea, Wernicke's encephalopathy, and diffuse toxic encephalitis, while the condition of multiple cerebral thrombosis forms an important complication of some cases of eclampsia. Among spinal affections myelitis is the most important. Peripheral lesions include neuritis due to pressure of the foetal head in the pelvis or to infection of the pelvic organs, and the interesting polyneuritis of pregnancy. Muscular wasting associated with osteomalacia and polymyositis puerperalis are rare diseases. Cases of tetany should be considered, and also those in which there is some mental disturbance.
In addition to these complications an interesting study may be made of neurological diseases which are affected by pregnancy. Disseminated sclerosis, Parkinsonism, epilepsy, myasthenia gravis, and myotonia, may be considered from this aspect.
Dr. Edwin Robertson has kindly provided me with particulars of the cases admitted to the Royal Maternity Hospital, Edinburgh. During the past ten years over 23,00& patients were admitted to the hospital; among the reported neurological complications there were only 29 cases of chorea, nine of cerebral vascular accident, and four cases of polyneuritis. These figures indicate that even the better-known complications are uncommon.
I have also consulted two medical practitioners who keep detailed notes of their cases Dr. Mackenzie of Tain and Dr. Hamilton of Loanhead. Dr. Mackenzie, who lives in a country district, has records of 1,347 maternity cases, and among these there were only two which developed neurological complications: one case of insanity following the eleventh confinement, and one case of chorea. The latter case is of interest as the patient had a severe attack of rheumatic fever a few weeks after her third confinement; a year later she became pregnant again, and at the third month developed severe chorea. Labour was induced at the sixth month, but the patient died. Dr. Mackenzie has no record of cases of injurv to pelvic nerves during labour.
Dr. Hamilton practises in a part of an industrial county which has, however, no large towns. He has notes of 2,007 cases: among these there were no cases of cerebral vascular accident, encephalitis, chorea, myelitis, or polyneuritis. Six of his patients developed minor mental disturbances, but only two required institutional treatment. As regards traumatic neuritis, Dr. Hamilton reports three cases of persistent drop-foot following difficult forceps deliveries. He has no detailed record of the number of patients who complained of pain from pressure on nerves during the later weeks of pregnancy, during labour and the puerperium, but he considers that about 15% of his patients develop pains of this type.
The experience of any one neurologist or obstetrician with regard to these diseases is so small that one must turn for information to the published studies which include a collection of the recorded cases. The papers by von Hosslin (1904 and 1905) are particularly useful in this connexion. Most of the conclusions which can be derived changes which occur in the brain and retina. A recent case illustrates the importance of vascular changes and also the clinical difficulties in diagnosis which may be encountered.
Mrs. R., aged 33, admitted to hospital in labour in the 40th week of gestation. Eight hours later a healthy baby weighing 8 lb. was born spontaneously. For two weeks before delivery the patient had complained of swelling of the limbs, and for three days there had been dimness of -vision and headaches. On admission there was papillcedema and the blood-pressure was 180/115; the uirine contained a large quantity of albumin. The day after delivery 70 oz. of urine were passed containing much less albumin, and the blood-pressure was now only 145/100. Three days after delivery the patient became unconscious and was found to have left hemiplegia. Consciousness returned and the weakness improved quickly, but three days -later unconsciousness again supervened. When examined at that time the patient was stuporose, she could move all four limbs but there was an extensor plantar response on both sides-papillcedema was slight and the blood-pressure was 138/80; the urine contained only a small quantity of albumin. Examination of the cerebrospinal fluid showed the pressure to be 130 mm. there were 2 cells per c.mm. and 45 mgm. of protein per 100 c.c. Death occurred nine days after delivery and postmortem examination showed degenerative changes in the liver and kidneys. In the brain there were multiple thrombi in the cerebral arteries with widespread infarction and partial necrosis of the brain substance. There were no hamorrhages. There was no sign of disease of the cerebral vessels, and it seems possible that severe vascular spasm might have contributed to the condition.
Another possible cause of coma has been emphasized by Campbell and Biggart (1939) who have made a valuable study of 12 cases of Wernicke's encephalopathy.
Two of these occurred in association with pregnaney, and they-..live reason to think that this peculiar disease of certain parts of the brain occurs more frequently in association with hyperemesis gravidarum than is generally realized.
One of their patients died at the age of 22 years. While in her sixth month of pregnancy and *six weeks before death she became listless and depressed. Three weeks later vomiting commenced and became severe before death. She was semi-comatose the day before dea*I and Cesarean setion was performed under spinal anaesthesia. The urine contained albumin and the bloodpressure was 150/115. There were no ocular palsies. In addition to the cerebral lesions there were fatty changes in the liver in this case.
The changes in Wemicke's encephalopathy are chiefly vascular and are not inflammatory. Campbell and Biggart suggest that some combination of deficiency food factors may be responsible for the disease. This condition should, therefore, 582 28 29 Section of Neurology 583 be kept in mind while considering a case of cerebral disease in pregnancy: the diagnosis may be made difficult by the occurrence of glycosuria produced by hypothalamic involvement, and acetonuria due to vomiting. These examples are sufficient to indicate the difficulty of diagnosing certain cases of coma which may occur during or following pregnancy.
Chorea gravidarum provides a problem of interest. The condition is identicaP clinically with rheumatic chorea, and may occur in those who have previously suffered from rheumatic chorea. Many cases have been reported in which chorea recurred with each pregnancy. These observations remind us that we really know little about rheumatic chorea : rheumatic infection alone does not account for all the facts; there must be some metabolic or deficiency factor concerned, about which we knoniothing. The careful study of the patient with chorea gravidarum should throw light on the causes of Sydenham's chorea.
Deficiency diseases of many varieties occur in pregnancy and offer a fruitful field for research. Polyneuritis of pregnancy, for example, usually responds to the administration of vitamin B1 (Strauss and McDonald, 1933) , so that pregnancy can continue without interruption. Severe polyneuritis gravidarum is uncommon, but the earliest symptoms of tingling and numbness in the fingers and feet with loss of appetite are more common. The prevention of deficiency diseases in pregnancy is a matter which requires careful consideration. As far as vitamin B1 is concerned, it is important to remember that a high carbohydrate diet, such as is sometimes advised in pregnancy, increases the vitamin B1 requirements considerably. Pressure of the faetal head on pelvic nerves often causes discomfort in the lower extremities during the later months of pregnancy; this symptom may be relieved simply by the recumbent posture. In a few cases of difficult labour pressure on the pelvic nerves causes traumatic neuritis which results in various forms and degrees of motor, sensorv, and reflex disturbances. These cases usually recover satisfactorily though slowly, as do cases of pressure neuritis produced in other ways. When the resulting paralysis and sensory loss only affect the lower leg it becomes highly improbable, if not impossible, that the site of neural damage can be in the pelvis. A pelvic nierve lesion which causes severe paralysis of the muscles below the knee must, for anatomical reasons, also affect muscles of the thigh and buttock. When, therefore, paralysis affects only muscles below the knee, the nerve damage is not caused in the pelvis, but is due to pressure on the common peroneal nerve and/or the tibial nerve at or near the popliteal fossa. The lesion in this case is simply a form of anaesthetic paralysis caused by pressure on the nerves during anaesthesia and is usually caused by pressure exerted to flex the thigh. I recently saw a case of this type which was probably produced by the pressure of a contraption called, I believe, an obstetric helper, which holds the thigh in a flexed position. These cases also recover gradually in the course of several months. Infection of the pelvic tissues may cause severe and painful neuritis which may also cause weakness in the legs. In such a case there is likely to be severe pain on stretching the sciatic nerve. Severe pressure neuritis caused -by the faetal head on pelvic nerves is very rare in modern obstetric practice. The more frequent recourse to Cesarean section in cases of contracted pelvis probably lessens the occurrence of this complication. HILI)EBRANDT, A.. and OTTO, H. (1938) , Ueber Schlangerschaftspolyneuritis und ihre Beziehung ztm Vitamin B1, .Mliinchen. med. Wchnschr., 85, 1619. HOSSLIN, IH. VON (1904 VON ( , 1905 
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Dr. H. L. Sheehan: One of the main diagnostic difficulties in an obstetric hospital is provided by the patients who are admitted in convulsions or coma or with other gross cerebral symptoms. They come into hospital labelled eclampsia or -toxwamia of pregnancy, and are usually treated as such unless or until they are proved to have some other condition. This communication deals chiefly with the differential diagnosis: the cerebral disturbances of the toxwemias, and the conditions which may simulate them. As my experience is limited to obstetric pathology, I shall only refer to the gross lesions that we find in the brains of such patients who die during pregnancy or the puerperium. The following table gives a rough classification of our own naked-eye findings in the last 360 brains examined at the Glasgow Maternity Hospital. In some of the other post-mortems the brains were not examined as there were no cerebral indications, so the table probably represents the lesions that would be found in about 500 or 600 obstetric post-mortems.
Lesions in brain or meninges in 360 post mortems at Glasgow Royal Maternity The first five groups are only accidental complications of pregnancy. Meningitis is perhaps rather commoner than might be expected; eight of these cases were pneumococcal, three tuberculous, and the other two meningococcal. It occurs mainly in the later months of pregnancy. Usually it causes delirium and coma, sometimes there is severe vomiting, and occasionally there is a single fit followed by continuous coma, or more rarely there is a series of fits. These symptoms can cause obvious difficulties in diagnosis. Cerebral embolism is always due to acute endocarditis, but sometimes the heart lesion is not recognized during life. The left middle cerebral is usually affected. It may occur during pregnancy or, less often, in the puerperium. The usual symptomsare sudden coma and hemiplegia, without fits. We have had some peculiar cases in patients who were apparently quite well, and had an ansesthetic for operative delivery. Instead of coming out of the anaesthetic, they remained in coma without any obvious reason clinically, and died in two or three days. The cause of the coma was found to be cerebral embolism, at post-mortem. (Of course, similar post-operative coma can be due to various other causes.) Epilepsy can sometimes go on to fatal status epilepticus towards the end of pregnancy. This may give a very good imitation of eclampsia, and probably accounts for some of the cases reported in the literature, where a patient has hundreds of so-called eclamptic fits. The main interest of these cases is that they provide pathological material where there have been convulsions and coma during pregnancy, without eclampsia. In such cases there are never any eclamptic lesions in the brain or elsewhere in the body. Gliomata form a related subject. Two of our cases were very small cortical gliomata which gave a long history of epilepsy culminating in fatal status epilepticus towards the end of pregnancy, with no other indication of their presence. The other two were gliomata in the substance of the brain with increasing hemiparesis, and finally death in coma. The miscellaneous group includes quite incidental conditions unrelated to pregnancy, such as hydrocephalus, tabes dorsalis, disseminated sclerosis, and so on.
The remaining conditions are more directly related to pregnancy. Puerperal thrombosis covers those cases where thrombosis develops in certain of the meningeal veins entering the superior longitudinal sinus. This produces an area of softening in part of the cortex, usually about a couple of inches in diameter. The history is nearly always the same. The patient has a normal delivery, and a normal puerperium without any obvious clinical sepsis. Then, three to ten days after the delivery, there is a sudden onset of fits and coma. The coma is rarely prolonged or deep, but 30 584 31 Section of Neurology 585 the fits may continue for some days. The softening may involve the motor area and cause hemiplegia, but many of the cases have only the frontal or occipital lobe affected, and have no obvious localizing symptoms. This condition accounts for nearly all the cases that are diagnosed as " late eclampsia ", where fits begin after the first day of the puerperium. The group labelled septic purpura is of little interest here; it includes petechial haemorrhages in the white matter or pia-arachnoid related to sepsis.
The last group is the most interesting one: it deals -ith the toxoemias of pregnancy. Taking first the patients who die of eclaknpsia or of coma supervening in pre-eclampsia: many of the cases have no gross cerebral lesions; there may be a report of cedema or congestion of the brain at autopsy, but these findings have to be regarded with the greatest suspicion as they are so frequently only artefacts. Flattening of the convolutions may also be present; its significance is rather doubtful. The most striking point, however, is the frequency of cerebral haemorrhages or softenings or meningeal haemorrhages in these cases. Such lesions w-ere recognized wAith the naked-eye at post-mortem in over a third of our cases: in 24 out of 67 true eclamptics, and in 14 out of 31 pre-eclamptics who developed coma with no fits or with only a single initial convulsion. In addition many of the others had hoemorrhages which could only be found on microscopic examination. These cerebral haemorrhages are quite distinct from those seen in arteriosclerosis. They are of three main types: (1) Pontine haemorrhages of various sizes up to quite large ones that rupture into the 4th ventricle.
(2) Lesions of the basal ganglia; diffuse early softening, or capillary hemorrhages which sometimes pick out the caudate nucleus or the back of the thalamus, or sometinles large haemorrhages. Less commiionily there miay be suibeortical hoemorrhages 1-3 cmn. in diameter, or rarely haemorrhages into the region of the internal capsule. Microscopically there are thrombi in some of the capillaries or supra-capillaries ; these give a fibrin staining reaction, but they are often peculiarly colloid in appearance. Sometimes there is a fibrin or fat deposition in the walls of these smaller vessels, and around these thrombosed or damaged vessels there is often some softening or hoemorrhage. These lesions cannot be related satisfactorily to the hypertension which is often mild, nor to the asphyxia of the convulsions, as they do not occur in epilepsy and may occur in pre-eclampsia. Old-standing vascular disease or cerebral aneuirysms are only rare 586 Proceedngys ojf the Royal Society of Medicine 32 factors. From the microscopic appearances it seems very possible that the lesions are secondary to some gross vasomotor disturbance in the cerebral vessels. Such a disturbance is probably present in all eclamptics and would account for the convulsions and coma. Probablv in most cases of eclampsia the local circulatory disturbance is insufficient to produce any haemorrhages or softenings. If they do occur, the eclampsia itself is presumablv nearly always fatal, irrespective of whether the cerebral lesions are of a large fatal kind or are onlv small. The evidence for this is that recovery from eclampsia is usually perfect from a neurological point of view. Residual hemipareses are almost unknown, and subsequent epilepsy due to the cortical damage is a similar rarity. There are great difficulties in the clinical diagnosis of cerebral h.Tmorrhage in a patient who is in eclamptic coma. Attacks of severe cyanosis suggest a large pontine haemorrhage, and an unvarying hemiplegia suggests a large haemorrhage in the basal ganglia.
One point of interest in relation to eclampsia is the condition of the brain in cortical necrosis of the kidneys. Some of these patients die long before thev ought to, if the renal lesions alone were responsible. Sometimes they get minor fits a few days after delivery, and may die in coma at four to eight days after delivery. At postmiortem, these cases sometimes have multiple small softenings in the brain. It is not clear wihether these are due to an acute degeneration in the cerebral vessels, comparable to that which oceurs in the kidnevs, or whether the lesions are related to those of eclampsia.
In hyperemesis, the starvation and metabolic disturbances are serious factors, but, in themselves, they are searcely ever fatal. Death occurs usually in one of t-o ways: about a third of the deaths are due to post-operative shock or coma, following the induction of abortion, and are of little neurological interest; the other twothirds of the deaths result from a special kind of cerebral syndrome rather similar to a Korsakoff. Once this cerebral svndrome is well established it seems to be nearlv always fatal, usually in about-five to ten -days, though-the newer lines of treatment may save the patient. The general clinical storv is as follox, s : After several weeks of severe hyperemesis, the patient stops vomiting rather suddenly but the pulse-rate remains high or increases. Then she becomes apathetic or drowsy, and is foundl to have nystagmus. She may become very loquacious, or develop tenderness of the legs. More marked eye symptoms may develop squint, retinal haemorrhages, blindness, and so on. Sometimes medullary nerve symptoms follow nasal regurgitation of fluids, or hoarseness of the voice. Then, after a short phase of mental confusion, the patient goes comatose and dies. This clinical condition is so clearly cerebral that the cases are sometimes diagnosed as encephalitis.
There has not been anv clear line as to the pathology of this cerebral syndrome until the recent and very excellent Aork of Campbell and Biggart (1939) . They worked on a much wider and rather different field-the cerebral changes in ordlinary hospital patients, male or female, who died of coma, chiefly following gastro-intestinal diseases and particularly carcinoma of the stomach. In these patients thev founiid the lesions of Wernicke's encephalopathy, which had previously been recognized as the pathological basis of the Korsakoff syndrome. What is of particular importance here is that, of their 12 cases, two wN-ere pregnant women who died of coma at about five months. Both these women had had a certain amount of vomiting, though only one was a typical hyperemesis. The naked-eye changes of Wernicke's encephalopathy are pin-point haemorrhages in certain parts of the brain-stem, with a perfectly symmetrical arrangement. These are related to microscopic changes in the capillaries. The lesions can best be illustrated bv a case we examined recentlv.
She was a true hyperemesis froin the 4th to the 13th wN-eek. Then she developed this cerebral syndrome in a very complete form, and died in five days. She had everv one of the signs and symptoms described above. At post-mortem she had petechial hmemorrhages in the lateral walls of the 3rd ventricle and in the corpora mammillaria 33 Section of Neurology 587 ( fig. 2 ), in the inferior corpora quadrigemina, and in the medulla just below the floor of the 4th ventricle ( fig. 3 ). Microscopically there was in these regions an apparent excess of capillaries with hyperplasia of their endothelial and adventitial cells. There was some microglial proliferation. Most of the nerve-cells appeared normal except in the inner half of both olivary nuclei, where they wNere all completely necrosed.
The question that arises is whether this Wernicke lesion is at the root of all these peculiar cerebral deaths in hyperemesis ? From the distribution of the lesions, they couild obviouisly account perfectly for every one of the symptoms. The difficulty is that most people who have exainined the brain in hypereimesis have found no lesions at all. Case 3 of Berkwitz and Lufkin (1932) is quite a clear Wernicke lesion; one of their other cases is possibly a healing stage. Other less certain cases are recordled by Siemerling (1917) and Schjott-Rivers (1938) . It seems verv possible that some other pathologists may have overlooked the lesions, not knowring the places to search.
I have examined two hyperemesis brains recently and have found the lesions in both of them. Further studies are, however, required before it will be known w-hether the lesions are constant or not in this cerebral svndrome followsing hyperemesis. The o588 Proceedings of the Royal Society of Medicine 34 lesions are probably only a result of the hyperemesis, and Campbell and Biggart regard them as related to a local anasmia, possibly due to vitamin B1 deficiency. There has been very little pathological study as to two possibilities of hypothalamic lesions related to pregnancy. (1) Some women develop marked obesity after a delivery. In a few cases this is associated with marked polyuria and a great waterthirst. I have not had the opportunity of examining the hypothalamus in such a case, but there ought to be some pathological explanation. (2) Recent necrosis of the anterior pituitary is of course a common finding in the puerperium after collapse at delivery, and some of these patients die in coma. In admittedly rather cursory examination of the brains in these cases, I have not noticed any obvious lesions in the hypothalamus. In the healed stage of the lesion, when Simmonds's disease has developed, there may be mental symptoms. The brain is usually reported as normal, but Gallavan and Steegman (1937) found gross atrophy of the supra-optic nucleus, and Bini (1937) found a similar atrophy of both the supra-optic and supra-chiasmatic nuclei. I have only made a careful examination of one case of the healed pituitary lesion, and in this the symptoms had not been very marked. There were no abnornalities in the hypothalamic nuclei in this particular case, but the subject certainly merits fuirther pathological study.
Dr. Redvers Ironside: Neuritis comnplicating pregnmlcy.-Stimiulated by the findings in beri-beri by Peters and his associates (1938, et al.) , clinicians, physiologists, and pathologists have turned their attention to various forms of nuitritional polyneuritis hoping to demonstrate a similar vitamin B1 deficiency.
Gestational polyneuritis has beeii likened to chronic beri-beri by-enthusiastic wNNorkers in this unexplored field. This is not unreasonable, for the pathological findings in gestational polyneuritis are similar to those of experimental and acquired beri-beri. Moreover, gestational polyneuritis may occur in wNomen having insufficient or improper food, or who are starved from hyperemesis; and the pregnant mother by reason of the presence of the growing fcetus and her raised basal metabolic rate (20%0) has a relatively high vitamin B1 requirement.
While the two diseases bear a pathological resemblance to each other and to other forms of polyneuritis, they are clinically clearly dissimilar. The massive oedemas of wet beri-beri are never met with in gestational polyneuritis, nor does one see the acuite cardiac failure with epigastric pain, extreme restlessness and dvspnwea in which leath is dramatically averted by injection of vitamin B1 (Brunel Hawes, 1938) . If the infant survives the maternal polyneuritis it presents none of the disquieting symptoms of infantile beri-beri.
It is admitted that in the neuritic forms of beri-beri the nervous condition is cured quickly by vitamin B1 only in some cases, in others the symptoms take months to disappear. If the polyneuritis is due to vitamin B1 deficiency, as so many have asserted, it should be arrested by adequate substitution therapy and appropriate feeding. But in the gestational cases following hyperemesis described by and Bingham (1936) the polyneuritis progressed to a fatal issue in spite of vitamin B1 administration and suitable feeding. Inadequate dosage or other factors have been blanmed for these failures.
Peters (1938) has shown that vitamin B1 deficiency causes dysfunction of certain .3-5
Section of N17eurology 589 cells in the brain, and secondary changes in carbohydrate metabolism arise therefrom. The effects of a deficiency are therefore complex and indirect (Walshe, 1920) . It is helpful to separate and describe first the gestational polyneuritis which occurs in the absence of demonstrable toxcemia as it is commoner and milder than the welllefined and dangerous type which follows hyperemesis gravidarum.
(1) A cyetic polyneuritis occurs in the absence of any demonstrable toxcemia.-It begins at the fifth or sixth months of pregnancy, and at the onset the neuritis may be confined to an individual nerve (e.g. ulnar, external cutaneous nerve of the thigh). The condition later becomes generalized, and may be accompanied by Korsakoff's psychosis, but it is always relatively mild and clears up a variable time after parturition. In the pregnancy cases alcoholism, abortifacients (e.g. apiol) and other toxic, metabolic, and infective causes have to be ruled out. Puerperal cases occur in the absence of infection or demonstrable tox.Tmia. Nephrotoxic signs are absent, and if oedema of the face or limbs is present it is always slight.
All obstetricians have seen a few of these cases, and there are many in the literature.
I myself have seen two recovering cases after parturition, both with complete absence of hydrochloric acid from the gastric juice ; but this gastric anacidity is not a constant finding. Abnormal anaemia and signs of tetany were absent in my cases. Stahler (1937) reported 15 cases in an examination of 4,000 poorly nourished pregnant women in Frankfurt, the wives of unemployed on the dole. This incidence is higher than in this country. It is noteworthy that both my patients were well nourished and there was no history of anorexia.
(2) Polyneuritis following hyperemesis gravidarum. This is a rare and dangerous disease, with a very characteristic clinical picture deserving better notice in the textbooks. Cases were first collected bv Turney (1896) , later by von Hosslin (1905) , and in 1932 Berkwitz and Luifkin collected 36 cases of this type from the literature of fifty years and added four personal and fatal cases.
Since their paper, cases have appeared with greater frequency in the journals, and I have been able to collect and tabulate a further 31 cases published since 1932. The records of the Simpson Memorial Hospital (Edinburgh), where the admissions total 2,500 annually, reveal one case each year for 1933-35. Hyperemesis is said to be commoner in Scotland than in England. The frequency of the syndrome may be put at one in many hundreds of thousands of pregnancies, and many experienced obstetricians have never seen a case. The concomitant Korsakoff's psychosis may send some patients direct from the antenatal clinic to the mental hospital.
Pathology.-The changes found are similar to those of any toxic polyneuritis.
Myelin degeneration is present in the peripheral nerves in most cases. The spinal cord showN-s chromatolytic changes in the ventral horn cells. In a few cases with Korsakoff's psychosis the brain has been studied by modern staining methods , Berkwitz and Lufkin (1932) . The cortical cells are not recorded as showing the lipochrome deposits described bv Carmichael and Stern (1931) in alcoholic cases of Korsakoff's psychosis. The brain and cord mav show changes of a different order. Petechial hoemorrhages are rather commonly present, particularly in the hypothalamic region, the floor of the 4th ventricle, and the medulla (Berkwitz and Lufkin, 1932, de Carle, 1936) .
Clinical. VNomiting commences in the first or second month of pregnancy, and is severe and incessant. Hardly anything is retained, and the patient becomes dehydrated and emaciated. The loss of weight is considerable, figures range between 20 and 80 lb., and jaundice is common. Just before the onset of polyneuritis the vomiting may abate; the latent period between the cessation of the vomiting and the onset of the polyneuritis may be one to three weeks. The polyneuritis comes on from twelve to twenty-four w eeks after conception, but the onset may be delayed until after parturition. In acute cases the helplessness of the patient mav be erroneously ascribed to extreme prostration (Forman, 1937) . 
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Proceedings of the Royal Society of Medicine Peripheral paraesthesiae, cramps, and extreme muscular tenderness, are succeeded by a flaccid, jerkless paralysis of the limbs sometimes ascending, sometimes involvingthe ocular muscles or the face. In most cases the highest terminals of the nervous system become involved with the appcrance of Korsakoff's psychosis. Auditory hallucinations, delirium, and drowsiness, are less common. Tachvcardia is almost uniformly present, and bulbar signs or respiratory paralvsis occur in the gravest cases.
Two symptoms deserve special mention:
(1) Nerve deafness and nystagmus: Nystagmus is recorded with such frequenev that I believe I am right in describing it as a special characteristic of this polyneuritis. Unilateral or bilateral nerve deafness may accompany the nvstaginus (Dawson, 1937) .
(2) Haemorrhagic retinitis: Slight degrees of optic or retrobulbar neuritis with rapid loss of vision may be present, accompanied by retinal or subhvaloid havmorrhages (Schiotz, 1921 , Stander, 1932 , Tillman, 1934 .
Both these symptoms are perhaps commoner in severe hyperemesis gravidarum uncomplicated by polyneuritis. In the light of necropsy findings they are probably the expression of more profound changes in the brain. Unlike the other symptoms, they clear up speedily after the uterus empties.
Gastric analysi8.-Gastric anacidity or achlorhydria is reported rather frequently, but an insufficient number of records are at present available to ascertain whetheri this is an important clinical feature.
Achlorhydria is not a usual finding in hyperemesis; Strauss and Castle (1932) examined the stomach contents of 24.normal women throughout pregnancy, and found low hydrochloric acid and pepsin activity in most with return to normal after parturition. 12% of these normal cases had total and persistent achlorhydria with no return of free hydrochloric acid after deliverv.
The urine, blood-pressure, cerebrospinal fluid, and spinal fluid pressure, are normal.
Laboratory estimationsq of vitamin B1.-Observations are exceedingly few. The vitamin may be estimated in the blood, in the urine, or a tolerance test mav be performed.
Different observers use different techniques, and all investigations are hampered because biological assay and chemical methods so far employed are not sensitiveenough to measure the minute quantities present in the blood (Rowlands and WAilkinson, 1938) . Peters (1938) gives the average normal reading as 0-008 mgm./100 c.c. blood, using the azo test (Kinnersley and Peters, 1930) , or Jansenis. thiochrome method (Kuhn, Ritsert, 1938) .
H. M. Sinclair (1939) , using Schopfer's yeast technique , found lowvalues. but no symptoms in pregnant women from Glossop on poor diets. On the other hand, in six cases of gestational polyneuritis he fouind a low value in one case only. All the others were normal. , using Schopfer's yeast technique, found 0 007 mgm./100 c.c. blood in one hyperemesis case, a reading which is not particularly low. He comments in this case on the low urinary excretion of vitamin B1 and lack of response to a test dose. Stahler (1938) too, in his case, using a thiochrome technique after 10 mgm. aneurin given intramuscularly oIn four successive days, found poorer excretion than in normal pregnancies. Section of Neurology 593 Avitaminosis Theory The evidence for vitamin B1 defect is at present slender. Therapeutic successes are of little worth as the disease when miiild tends to spontaneous cure, and in the cases published liver extract, cod-liver oil, orange juice, and adequate diets, were given as well as vitamin B1. It is certain thath in severe cases deatfrom advancing paralysis has not been arrested by vitamin therapy.
Clinically the pregnancy cannot be the cause of the syndrome because (1) the symptoms may progress after the uterus empties, and (2) partial recovery may take place during pregnancy . It is possible, of course, that pregnanev toxoeiiiia induces a disorder of metabolism Mwhich persists after parturition, but this is unlikely as the polyneuritis may recur later in life independently of pregnancy after intervals of complete freedom from symptoms (Pakozdy, 1929) .
Prognosis and Management
In Berkwitz and Luifkin's 36 cases the mortality w-as 250%. In my series of 31 cases, probably recognized earlier, the mortality was 4300.
The paralysis may recur in subsequent pregnancies or may be permanent (Schatz. 1933) . The psvchosis may persist and progress to dementia. In most of the nonfatal cases the psvehosis recovers and later the paralysis disappears more or less completelv over a period of two months to two years. I am niot convinced that termination of the pregnancv arrests the polyneuritis, although it may be necessarv on obstetric grounds to control the hyperemesis.
If vitamin B1 is administered the adequate daily dose is 50 mgm. aneurin intravenouslv in severe cases combined with suitable feeding. Overdosage is said to be harmless in true polyneuritic cases, but Stahler has reported that in the last month of pregnancy in normal women large doses may cause uterine contractions and foeta1 anoxaemia.
(3) Polyneuriitis in recurrent pregnancies. Cases have been reported by Orinerod, 1895 (primigravidla, aged 21 years, onset at fifth month of pregnancy with recurrences in fouir successive pregnancies), and Batten, 1912 (recurrences after two suiecessive parturitions). Hyperemesis was not present. Maisel and Woltman have more recently reported a similar case (1934) . In Ungley's (1933) remarkable cases polyneuritis of irregular distribution affected a mother and two daughters at different times over a period of twenty years, the polyneuritis showing a marked tendency to recur during pregnancy and parturition. In Pakozdy's case (1929) the polyneuiritis recurred independently of pregnancy on three subsequent occasions. No thickening of peripheral nerves was dlemonstrable in anv of these cases.
(4) Parturitional paralysis. This name is given to rare cases of foot-drop occurring after parturition. The condition is commonly said to be unilateral and to affect the extensors of the toes, tibialis anticus, and peronei, i.e. the muscles supplied bv the commnon peroneal nerve. It is usually ascribed to pressure of the foctal head on the lumiibosacral roots (L 4, 5) or of the strap hitching up the knee on the obstetric operation Proceedinqs of the Royal Society of Medicine 40 (4) A latent period of two to nine days may elapse between partulrition and the onset of the paralysis (HindIs Howell, 1908), sepsis being excluded. (5) Tinglings may be present in the fin-ers during pregnancy (MAorgan and Thomson, 1935) or bilateral sciatic pains occtur before the head engages (Rodway, 1935) . I submit that the common factor behind most of these cases is an unsuspected gestational polyneuritis and that this explanation alone will account for all the clinical facts of parturitional paralysis.
Dr. Hugh Garland: In an analysis of 15,000 consecutive deliveries at the Leeds Maternity Hospital there were only 19 recorded examples of neurological disorders arising as a result of pregnancy. There are, however, other problems relating to pregnancy which confront the neurologist, and they are possibly more frequent than the complications already discussed.
I propose to discuss these problems under three headings. First, the question of advising as to the possibility of a neurological condition being transmitted to the offspring. Second, the question of pregnancy possibly aggravating an established organic disease. Third, the possibility of a neurological disorder interfering with labour or causing sterility. THE 
INHERITANCE OF ORGANIC NERVOUs DISEASE
We can divide inherited conditions into two large groups, namely those where the condition is determined entirely, or very largely, by an inherited factor, and those where there are multiple factors and inheritance only plays a part. The first group APRIL-NEUR. 2* Proceedings of the Royal Society of Medicine can again be subdivided according to the mode of inheritance and an elementary knowledge of simple Mendelism is essential if mistakes are to be avoided. For example, young Jewish parents had a child who died of amaurotic family idiocy. They sought advice as to the possibility of this happening again, and they were told that there was no risk. The second child died of the same condition. A superficial knowledge of genetics would at least have saved the reputation of the medical adviser in this case. Fortunately, most of the inherited nervous diseases are rare or uncommon.
(1) Certain conditions are inherited as simple dominant abnormalities. Here there will be a history of direct transmission from one generation to the next; each affected person will have an affected parent, and on the average half the children of an affected person will themselves be affected, irrespective of sex. Further, the disease is in no way transmitted by the normal children. One such condition is Huntington's chorea, which is not very uncommon and is serious, as it almost invariably shows steadily increasing mental deterioration and involuntary movements and unfortunately, owing to the late onset, the future victim shows no abnormality until his or her children are already born. My own feeling about this condition is that probably all the children of an affected parent should be advised against marriage, though of course half of these will be perfectly normal individuals. Hypertrophic polyneuritis is inherited in the same way, but in this condition the disability is usually not very severe. The patient can be told that half the children are likely to be affected and that the disease shows no tendency to increase in severity in subsequent generations. Another such condition is von Recklinghausen's neurofibromatosis, but here a difficulty arises owing to the remarkable variation in severity from one case to another. Peroneal muscular atrophy (Charcot-Marie-Tooth) is usually inherited in this way, but sometimes it appears as a sex-linked recessive; a careful scrutiny of the pedigree will therefore be necessary in each family. Certain cases of myopathy and dystrophia myotonica, and probably familial periodic paralysis, are inherited in the same wav.
The problem of recessive abnormalities is more difficult as here the parents are normal, though they may be blood relations, the incidence of consanguinity being higher in the rarer conditions. In these cases, on the average, one child out of four will be affected, though of course all of two or three successive children may be normal or may be affected. The parents can be told the chances are one out of four, or three to one against. Friedreich's ataxia is inherited in this way, and we have all seen several siblings affected with this condition; other forms of hereditary ataxia usually follow the same rule, as does amaurotic family idiocy, some cases of torsion spasm, Wilson's hepato-lenticular degeneration, and the majority of the myopathies. In sex-linked abnormalities, such as Leber's optic atrophy, the difficulties are much greater as males are affected, and the defect is transmitted by apparently normal females to half their male progeny.
Finally, there are less well-defined conditions which are certainly inherited, but the exact mode of inheritance is not quite clear; epiloia is such a condition, though there is evidence that this may be a dominant abnormality; the cases vary very much from simple adenoma sebaceum or uncomplicated epilepsy, to low-grade idiots with epilepsy and adenoma sebaceum. In these cases it is certainly inadvisable for affected parents to have children.
(2) An entirely different problem is raised by conditions where, at the most, an inherited factor is onlv one of several. The two most important conditions here are migraine and epilepsy. As an illustration of our uncertainty I should like to mention a recent case in wA-hich a young woman who had infrequent fits sought the advice of three neurologists; the first advised against marriage, the second advised marriage without children, and the third thought the condition could be completely ignored. A tendency to attacks of migraine is certainly inherited as a simple 596 42 43 Section of Neurology 597 dominant, and we are all familiar with pedigrees of this type, but migraine is probably never sufficiently serious in itself for any eugenic problem to be raised. Epilepsy is an entirely different problem. All neurologists agree that there is an inherited factor and that a history of affected relations is a common occurrence. Unfortunately published statistics show wide variation, some observers finding the familial incidence as high as 64% (Brown, 1930) . Russell Brain (1934) , after reviewing the literature, suggests that 10% of the children of epileptics tend to be themselves affected.
Paskind and Brown (1936, 1937) pointed out that many of the published figures have been taken from the inmates of colonies for epileptics and defectives, and that in those cases where there is no question of mental defect the family incidence becomes much smaller. They found that in 342 children of idiopathic epileptic parents the incidence of fits was only 0 29%. In a series of 94 cases of idiopathic epilepsy I found a history of epilepsy in the family in 11 -40%, but in only 3.2 % were both parent and child affected though, for a variety of reasons, this figure may be too low-. My own feeling is that in a patient suffering from fits of idiopathic type, with a family history which is completely negative as regards epilepsy, and in the absence of consanguinity, we should advise that the risks are so small that a chance may be taken. The risks, of course, are likely to be much higher if the parents are blood relations. With regard to the relation of epilepsy to migraine the problem becomes more difficult as Lennox (1938) has recently shown that the incidence of epilep -y in families suffering from migraine is two-thirds as great as in those suffering from epilepsy alone, yet probably no one would prevent the marriage of a migrainous subject because of the risk of epilepsy in the children; this risk, however, is a real one.
THE EFFECT OF PREGNANCY ON ORGANIC NERVOUS DISEASE
We are sometimes consulted as to the risk of pregnancy aggravating an already established nervous disease. In my experience, disseminated sclerosis is the most important eondition in this group. As in the case of most of the questions raised to-night, the literature contains very little useful information. There are many references to pregnancy increasing disability in disseminated sclerosis, or of actual precipitation of the onset, but they usually refer only to isolated cases. Manv of lus have seen examples of this aggravation. In the 15,000 deliveries already referred to there were three examples of disseminated sclerosis. One patient developed her first symptom during her third pregnaney; there was no remission and she became a great deal worse during and after the fourth pregnancy. The second patient had developed the disease prior to her first pregnancy and had improved, but wi-as Mworse during and immediately after the second pregnancy. The third had symptoms during each of three pregnancies and improved in each case after parturition. I have analysed 100 of my own cases of disseminated sclerosis, but when the men, the spinsters, and the cases of sterile marriage had been excluded, there wras only a very small residue. Actually there were 56 females, of whom 35 were married; of these, 12 marriages were sterile, this giving an incidence of 21 / sterile marriage, which is rather high. Further, in 13 cases the disease commenced after the menopause. There were, finally, only eight cases in which pregnancy and disseminated sclerosis overlapped. Of these, six developed signs of the disease during pregnancy or immediately after parturition; in the remaining two cases, pregnanev had no adverse effect on already established disseminated sclerosis, and in one of the group of six there was a subsequent pregnancy which had no adverse effect. One case was particularly striking in that on the sixth day ofthe puerperium she first complained of weakness of the arms and then rapidly developed retrobulbar neuritis, paraesthesive, and spastic paresis of the legs. After lasting for some weeks the nervous symptoms improved, and there was eventually. a complete remission. I therefore feel that there is sometimes an association to the extent that pregnancy occasionally 598 Proceedings of the Royal ASociety of Medicine 44 appears to precipitate the onset of the disease, and that more frequently it tends to increase the disability, though this is not always the case. Again it does not necessarily follow that a relapse, apparently determined by pregnancy or parturition, may not undergo subsequent remission, though presumably every relapse leaves the case of disseminated sclerosis a little worse. A very difficult question arises in relation to the termination of pregnancy. Aggravation may be due to trauma, metabolic factors, or both, but I think that interference may upset the patient as much as labour itself, and that these cases should probably be treated by complete rest and nothing more.
Pregnancy in relation to other diseases does not frequently arise. Most of the degenerative processes arise after the menopause. I have not seen a case of subacute combined degeneration, which is a common disease in the North of England, ever complicated by pregnancy. In the case of neurosyphilis, I doubt whether the disease is ever aggravated by pregnancy; the sterility rate is high, and probably the only feature of importance is that of antisyphilitic treatment. I have no personal experience of pregnancy complicating cerebral tumour, though there are some who think that such cases go downhill rather rapidly. It has frequently been recorded (Tabachnick, 1938) that myasthenia gravis may become worse, or may even commence during pregnancy, though there are also recorded cases of remission during pregnancy.
Epilepsy shows similar variation, some cases becoming worse and others becoming better while pregnant. Migraine frequently disappears throughout pregnancy.
ORGANIC NERVOU-S DISEASE (1) INTERFERING WITH PARTUtRITION AND (2) CAT-SING STERILITY (1) There is little proof that organic cerebrospinal disease ever interferes with parturition. The association of pregnancy with any serious form of paralysis is very uncommon, and I have little personal experience of it. I have seen a very advanced case of post-encephalitic Parkinsonism, with severe paralysis and contractures, give birth to a healthy child without difficulty. Five years ago I saw an advanced case of syringomyelia and syringobulbia with complete flaccid paralysis of the arms and severe spastic weakness of the legs ; since that time she has had four apparently normal children, with a normal labour in each case.
(2) In assessing the possible relation of nervous disease to sterility various factors must be considered. In the first place the incidence of involuntary sterility in the general population is not less than 10%. Secondly, in the presence of nervous disease pregnancy may be avoided because of fear of aggravation, or of hereditarv transmission. Curiously enough, in Reynolds and Macomber's (1924) textbook on sterility no mention of nervous disease is made. But there can be no doubt that hypopituitarism may produce sterility, amenorrhoea, and loss of libido; usually these are associated conditions, but it is possible that sterility of pituitary origin may precede the appearance of amenorrhcea, even though amenorrhoea is often the first symptom. Hypopituitary syndromes are usually associated with chromophobe adenoma or with increased intracranial pressure causing pituitary compression. Pituitary adenoma is an uncommon condition, and few of us have the opportunity of collecting a large series of cases, but Henderson (1931) has analysed 367 cases from Cushing's clinic from the point of view of sexual dysfunction. He concludes that amenorrhcea and sterility result from the compression of the basophil cells by a spaceoccupying lesion; for this reason amenorrhoea is an early symptom of intrasellar chromophobe adenoma, existing before expansion of the sellar occurs, and sexual function may remain normal in the case of suprasellar adenoma. In support of this he describes cases where menstruation has returned after sellar decompression and even cases of subsequent pregnancy. Similarly, menstruation may return after operation in cases of acromegaly, and there mav be subsequent pregnancy. On the 45 Section of Neurology 599 other hand menstruation may continue in the presence of well-established acromegaly, and it is well known that in such cases pregnancy may occur and that such pregnancy frequently results in an exacerbation of acromegalic synmptoms. There are too few recorded cases of pituitary basophilism from which to draw conclusions, but amenorrhoea is usually one of the striking features of this disorder. Little is known of the relationship between pregnancy and sympathetic disorders, but in some recent experimental work (Simeone and Ross, 1938) it was found that bilateral sympathectomy in cats was followed by an unusually high incidence of abortion and stillbirth even long after the operation. Mr. W. C. W. Nixon said that though there was a high incidence, about 30% of beri-beri of the wet type in his clinic in Hong Kong, yet the classical polyneuritis of pregnancy was not often seen. In this low incidence he agreed with Dr. Ironside.
In one case in which large doses of vitamin B1 were given from the 30th week until term, there was not a striking improvement uintil after delivery.
Dr. H. M. Sinclair (Oxford): Dr. Russell correctly mentioned the fact that a high carbohydrate diet increases the requirement of vitamin B1, but much more important in connexion with this discussion is the fact that pregnancy triples the requirement of the vitamin, and lactation also increases it. This increased requirement, the occasional low values for the apparent vitamin B1 in blood in pregnancy with and without polyneuritis (Sinclair), the low excretion (Stahler) , the response of gestational polyneuritis to vitamin therapy (Strauss and McDonald, and others) , and perhaps also the fact that the vitamin is easily destroyed in the gut of people with achlorhydria, all suggest that the symptoms of deficiency of the vitamin are likely to arise during pregnancy. And this has been shown conclusively. For Ogata noticed that beri-beri often appeared during pregnancv; in a series of 107 cases of beri-beri in St. Helena recently reported by P. B. Wilkinson, 41-3% of the women showed a definite connexion between the onset of beri-beri and pregnancy or childbirth. This very high incidence proves that pregnancy and childbirth predispose to the occurrence of peripheral neuritis due to deficiency of vitamin B1.
Dr. Ironside described the symptoms and signs of polyneuritis following hyperemesis gravidarum; of these some are typical of deficiency of vitamin B], and some are not (for instance, the vascular changes, and the dysphagia-which might be caused by deficiency of nicotinic acid). Further, Dr. Sheehan said that the vascular changes in Wernicke's encephalopathy were " presumably part of the vitamin B1 deficiency." Although similar changes have occasionally been described in beri-beri (Bentley) and in deficiencv of vitamin B1 in animals (Prickett), this deficiency is not Proceedings of the Royal Society of Medicine generally believed to produce changes in the capillaries of the brain. If Wernicke's encephalopathy is shown to be due to deficiency of a vitamin, it will probably prove to be part of the vitamin B2 complex. The great ease with which pure vitamin B1 can be obtained produces the danger that other vitamin deficiencies will be overlooked in treatment. The requirement of other vitamins is also increased by pregnancy, and therefore it is wise to use preparations, such as yeast, iNhich are rich in vitamins, in the treatment of conditions of doubtful aetiology.
Dr. Purdon Martin said that the discussion had impressed on him the rarity of neurological complications in pregnancy. He doubted whether there was a polyneuritis of pregnancy, although if the vitamin B requirements during pregnancy were three times as great as at other times, perhaps there ought to be a polyneuritis of pregnancy. It must be remembered that pregnancy was not an uncommon condition, and apart froni any causal relationship some cases of polyneuritis would occur in association with pregnancy. Was there any evidence that the incidence of polyneuritis was greater among pregnant wonmen than among the general population ? Dr. Jronside had admitted that termination of the pregnancy did not cure the polyneuritis.
Drop-foot following delivery was probably the commonest complication. Chorea gravidarum presented difficult questions, but each case should be considered on its merits, and unless the chorea was very severe the right course was to temporize and see the effects of treatment before advising that the pregnancy should be terminated. Subarachnoid hoemorrhage was perhaps more likely to occur during pregnancy than at other times. Among Dr. Sheehan's fatal cases the severe vascular accidents formed by far the largest group, and we should try and correlate our clinical experience with what he had told us. In the speaker's experience the severe vascular lesions causing hemiplegia were haemorrhages associated with rising blood-pressure, which he had regarded as a pre-eclamptic condition.
He had been particularly interested in one group of cases to which Dr. Sheehan had referred, viz. the cases of cerebral venous thrombosis after confinement. He had seen four cases in which convulsions came on seven to ten days after delivery; in each instance the patient, after the convulsions had ceased, was left with hemiplegia from wNhich she had eventually made a good recovery. In his first case, because of blurring of the optic discs, an exploratory operation had been performed, and the surgeon had found a large thrombosed vein on the side of the cerebral hemisphere. He had come to believe that these cases usually made excellent recoveries, and was disappointed that Dr. Sheehan could refer to six fatal cases. Dr. Sheehan's third group of vascular cases was that in which there were numerous punctate haomorrhages in the cortex and they might be most pronounced in the occipital lobe. The speaker had seen two cases of visual disorientation or loss of visual localization occurring after confinement and had not encountered this symptom otherwise. As it was not met with after gross vascular lesions possibly it was due to cortical lesions such as Dr.
Sheehan had described.
Dr. Macdonald Critchley and the President also took part in the discussion. 46 600
